Abstract. This paper presents the second phase of an NSF-sponsored research project in classroom innovation using augmented reality (AR) to enhance STEM education developed at the University of Arkansas. The discussion centers on the design and development of AR technology and its application for use by engineering and architecture students in understanding complex data in sustainability. Exposing students to advances in digital modeling, data visualization and performative software prepares them for new pathways of decision-making in the AEC professions. Recent research shows technology mediated learning environments (interacting with computer-based tools) enhance learning. Augmented reality (AR) or the ability to augment the real-world environment with computer-generated information brings a new dimension to learning and design using multiple data streams. Our research addresses first, the opportunities and obstacles presented by AR design development and application in the classroom, and second, the effectiveness of AR in achieving a better understanding of sustainability as a course topic. We also assessed the role of AR in improving learning outcomes specific to sustainability in the built environment though interdisciplinary collaboration between students from architecture and civil and mechanical engineering.
Introduction
According to the National Science Foundation cyber innovation is the process of developing nextgeneration cyberlearning approaches through high-risk, high-reward advances in computer and information science and engineering (NSF, 2017) . The challenge to integrate technology into the STEM classroom started as early as the 1990s with computer application designed to be used by individuals with instructor support. These early explorations were designed as aids to the individual student. Recent work addresses the use of networked learning technologies where the learning approach is relational. Learning takes place in relation to others and to learning resources. Researchers believe the use of networked technologies provide affordances for learners to engage in such important cognitive and metacognitive processes as problem definition, information discrimination, reasoning and argumentation, solution negotiation and evaluation (Krippen & Antonenko, 2017) . And unlike earlier learning set-ups where individual learners had limited interaction with colleagues the new technologies using mixed reality (MR), immersive visualization experiences in Computer Augmented Virtual Environments (CAVEs), and large-scale tile walls, allow students to work collaboratively and cooperatively. Research indicates the use of effective and interpersonal communication promotes critical thinking and deep learning (Alias et al., 2017; Cartney, 2006; Fink, 2004 ; Springer, Stanne, & Donovan, 1999; Kalaian & Kasim, 2014) . Our project addresses the use of a mixed reality technology-the Microsoft Hololens-in a collaborative learning environment in a STEM classroom.
In this paper we report our findings about the deployment of the augmented reality (AR) application in classroom innovation targeted to enhance STEM education. The overall project goals were: 1) explore opportunities and obstacles presented by the integration of immersive and simulation technologies in support of collaborative problem-solving, 2) examine the impact of various strategies to improve the effectiveness of these technologies through a formative design process, and 3) contribute to research on how people learn using technology-mediated environments by developing an understanding of the various attributes of these technologies. This paper focuses on the development of the AR application needed for the cyberlearning component of the study. 
Development of the AR approach
The UA team assumed the use of the Microsoft HoloLens™ head-mounted display (HMD) based on our belief it would be reasonable in the study timeframe to develop content for this device. The HoloLens is equipped with depth-sensing cameras, holographic lenses and computer processors to create a blended environment where the user can view reality while also "seeing" overlaid holographic data. This allows the user to interact with digital content as part of the real world. By overlaying these images on reality, students were able to "see" the different components of the building while standing in the building space. Based on our experimental data the formative evaluation informed refinements in the approach to the development of content for the HoloLens™. Students from our previous year's control group said they became overwhelmed trying to work through too large an area in the building while managing quantitative analysis for three systems; we therefore decided to focused on a single classroom area -a large studio located in Vol Walker Hall on campus for the experimental group using the AR application.
We collaborated with the University of Arkansas Tesseract Center for Immersive Environments on the design of the content application. The content development of the digital information in the HoloLens™ by researchers at Tesseract consisted of creating an immersive application that indexes, calibrates, and displays educational graphic and alphanumeric data on top of the physical space under consideration using previously generated Building Information Modeling (BIM) for the design and construction documents.
As indicated above the space investigated for the problems sets in the course was limited to a single classroom area: a large studio located on the south side of the 3 rd floor of Vol Walker Hall. Vol Walker Hall (VWH) and its new extension to the Stephen L. Anderson design Center (SLADC), is located on the University of Arkansas campus. The southern studio in the 3 rd story of SLADC was the specific area we used for the technical problem sets given to students in the course and the locale for the AR test. Figure 2 (a) shows the plan of the space and the red dot location for the HoloLens™ spatial calibration to the physical space. Green arrows indicate the path taken by the user to walk through the studio space. Green dots specify the locations at which the user can stop and retrieve 2-and 3-d information in the AR-application consisting of digital detail drawings, diagrams, and tables. The tables contain data describing the thermal characteristics of the current materials, the mix and the structural properties of concrete used in the building. Diagrams also provide context and acquaint the student with the logic of the overall structural, lighting and HVAC systems. In short, all just-in-time information useful to the student is stored in each of the green dot locations.
Teaching Sustainability using AR
The new teaching and learning environment using integrated BIM (Revit) with augmented reality (AR) provides three-dimensional, interactive, annotated models of buildings for visual learning. In establishing how to evaluate the influence of AR on student learning, interdisciplinary courses were leveraged between architecture, mechanical, and civil engineering (Figure 3) . Faculty collaborated to teach a joint course offered as an elective in all three disciplines on advanced topics in sustainability. We expected that a given student in each discipline would lead their team members and encourage their contribution for the assignments related to her/his field of study. For instance, when the assignment was about building structure the civil engineering students took the lead in working on the assignment. The teaching staff believed sustainability is an area with adequate duplication in all three disciplines for meaningful content to be created for a shared course. Assignments included sustainability factors relating to the site, building envelope, mechanical systems and structures as fertile domains for the study of sustainability.
For the content development of the digital information in the HoloLens™ the team collaborated with the UA Tesseract Center using previously generated BIM information and drawings from Vol Walker Hall/Stephen L. Anderson Design Center. Tesseract researchers were given a set of BIM (Revit) drawings of the building, including plans, sections, details and 3D model. We then collectively determined the appropriate physical locations in the 3rd floor space where students could retrieve relevant information such as 2-d drawings and other 2-d or tabular data. The team conceived the application and platform like a museum exhibit, where information appears near pertinent building features as shown in later figures in this paper. 
Re
The enti phase of e will be e end this embly of n, as well t-in-time, questions with respect to the Technical Report, as well as timely process-based evaluations and subsequent process changes that help improve group interactions and collaborative learning. Based on our results from the experiment discussed here the research team plans to rally the visual with the performative for next steps. In other words, students should not only understand the layout and agency of the various building components and systems, but also proceed with the opportunities provided to contrast and compare the performance inherent in various systems (envelope, lighting, acoustics, HVAC systems, site, etc.).
Our flowchart describes the visual and performance aspects of the building (Figure 14) . The former explains the layout of the various components and systems, and the latter assesses the performance of the various building components and systems such as enclosure, which also allows the retrieval of subsystems such as floor-envelope, slab-on-grade-envelope, and others This protocol targets the education of students enrolled in architecture, engineering and related AEC disciplines. Effective learning using this approach relies on the assessment of existing buildings through collaboration between students from architecture and engineering. Hence, students learn from successes or failures of existing and recently built buildings, specifically those that have received recognition through certification. The need to further improve problem-solving and collaborative learning skills of Architecture, Civil, Construction and Mechanical Engineering students will further lead to the design of more sustainable and better performing buildings.
